Many U.S. lawmakers view cap and trade as a politically superior non-tax approach to climate policy. However, cap and trade imposes identical economic burdens on households to a similarly designed carbon tax. Using the newly-released 2002 inputoutput accounts we present new estimates of the distributional impact of a typical capand-trade system by income, age, U.S. region and family type. In total, households would face an annual burden of roughly $144.8 billion per year with costs disproportionately borne by low-income households, those under age 25 and over 75 years, those in Southern states, and single parents with dependent children. Using RIMS II multipliers we estimate the broader economic impact of cap and trade. Depending on how the system is structured, cap and trade could reduce U.S. employment by 965,000 jobs, household earnings by $37.8 billion, and economic output by $136 billion per year or roughly $1,145 per household. Lawmakers weighing the costs and benefits of climate policy should be aware that cap and trade would impose a significant and regressive annual burden on U.S. households, and would not represent a "tax free" way to reduce greenhouse gas emissions.
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I. INTRODUCTION
Climate change legislation has become a top Congressional priority in recent months. In June 2008 the Lieberman-Warner cap-and-trade bill (S. 2191) was brought to debate in the U.S. Senate, and during the recent presidential campaign both President Obama and Sen. McCain placed climate change at the center of their domestic policy agendas.
1 With the inclusion of a cap-and-trade proposal in the President's Fiscal Year 2010 budget, it is likely that the new administration will pursue federal climate legislation in the coming months.
2 Lawmakers face two basic options for climate policy: a federal carbon tax, or a U.S. capand-trade system. Both policies have a similar goal of cutting greenhouse gas emissions. However, cap and trade is often viewed as more politically attractive because of lawmakers' unwillingness to be associated with explicit tax increases. A cap-and-trade system offer lawmakers a way to curb greenhouse gas emissions through regulations rather than tax increases-a less visible approach that enjoys the popular perception of being less burdensome to households.
Contrary to this perception, economic theory teaches that cap and trade and carbon taxes impose nearly identical economic burdens on households.
3 Both policies increase consumer prices for carbon-intensive products and lower real household income in an economically equivalent way. The popular view that cap and trade offers a "tax free" way to address climate change is therefore based on a misconception of how the economic burdens of climate policy-both cap and trade and carbon taxes-will ultimately be borne by American households.
The goal of this study is to clarify the equivalence of cap and trade and carbon taxes from the standpoint of household burdens and illustrate the annual cost of a typical cap-andtrade system to U.S. households. Using an input-output model of the U.S. economy, we illustrate the distributional impact of a cap-and-trade system that cuts greenhouse gas emissions by 15 percent compared to 2006 levels by income group, age, U.S. region and type of family. Additionally, using RIMS II multipliers from the U.S. Bureau of Economic Analysis we illustrate the likely economic impact of a U.S. cap-and-trade system on employment, household earnings and total economic output.
The findings suggest a federal cap-and-trade system would impose a significant annual burden on households, and that this burden is economically equivalent to a similarly designed federal carbon tax. Contrary to popular perception, cap and trade does not represent a less costly way to address climate change than a carbon tax from the standpoint of household burdens. As lawmakers weigh the costs and benefits of curbing greenhouse gas emissions, they should be cognizant of these costs to U.S. householdsparticularly low-and middle families least able to bear them.
II. ECONOMIC THEORY OF CLIMATE POLICY
Cap-and-trade systems are often viewed as regulations rather than taxes. However, economic theory shows that cap and trade imposes an identical annual burden on households to a similarly designed carbon tax. Regardless of which approach lawmakers choose, both policies impose equivalent costs from the standpoint of U.S. households.
In this section we provide an overview of the economic theory of climate policy, illustrating the basic equivalence of cap and trade and carbon taxes on annual household burdens.
A. HOW CLIMATE POLICY AFFECTS MARKETS
The central goal of climate policy is to cut U.S. greenhouse gas emissions. Both carbon taxes and cap and trade achieve this by placing controls on suppliers throughout the economy. In the language of supply and demand, both policies shift the supply curve for carbon-intensive products upward, forcing up consumer prices for these products. Carbon taxes achieve this with a simple per-unit tax, while cap and trade achieves it with a regulatory quantity restriction. But from the standpoint of consumers bearing the ultimate burden, both policies have exactly the same impact.
The easiest way to see the equivalence of carbon taxes and cap and trade is through a simple supply and demand diagram. In Figure 1 we illustrate the impact of both policies. The left panel shows a carbon tax and the right panel shows a cap-and-trade system. In the figure, before federal carbon policy the economy operates at the point labeled A in both panels. At this point, the price of carbon-intensive products is labeled P 0 and the economy produces Q 0 units of carbon-heavy products per year. This corresponds to the current U.S. economy without federal climate policy.
Imagine Congress aims to cut carbon emissions to some lower level associated with Q 1 in the figure. In the left-hand panel they do so with a carbon tax, which is designed to discourage carbon emissions indirectly by affecting prices. In the right panel they do so with a cap-and-trade system, which is designed to reduce emissions by directly limiting the quantity of carbon emitted in the economy.
In the left panel, the carbon tax raises production costs for companies that produce carbon-intensive products by the amount of the tax per ton. This shifts the supply curve upward by the amount of the tax. In the figure, lawmakers impose a tax of x dollars which moves the supply curve upward to the line labeled S*. After the tax, the economy moves to the point labeled B. Prices rise to P 1 as carbon tax burdens are passed on to consumers and carbon emissions fall to the targeted level of Q 1 .
In the right-hand panel, lawmakers instead reduce carbon emissions with a U.S. cap-andtrade system. Under cap and trade, lawmakers simply "cap" total carbon emissions at some predetermined level. In the figure, the capped quantity is the emissions target associated with Q 1 . Tradable permits or "allowances" are then distributed to companies with each allowance granting the right to emit one unit of carbon per year.
Cap and trade operates like a quantity restriction that transforms the supply curve in the right panel into a vertical line labeled S* at the emissions target set by lawmakers. Under the cap the economy moves to the new point labeled B. Since cap and trade essentially rotates the supply curve to the left, it reduces output and raises prices just like a carbon tax. Once the cap is in place, prices for carbon-intensive products rise to P 1 -the exact level as under a similarly designed carbon tax in the left-hand panel-as cap and trade burdens are passed on to consumers throughout the economy.
As is clear from the figure, the economic impact of carbon taxes and cap and trade are essentially the same. Both cut the economy's carbon emissions to the same level and both raise prices for carbon-intensive products by the same amount. Regardless of the policy lawmakers choose, U.S. households will ultimately bear an equivalent economic burden from either approach to federal climate policy.
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Impact on Government Revenue While both policies have an identical impact on households, they have dramatically different impacts on government revenue. Under a carbon tax government collects tax revenue from companies that emit carbon. In Figure 1 , this revenue corresponds to the light-grey rectangle in the left-hand panel, which is equal to the tax rate x times the quantity of carbon emitted Q 1 . Once this tax revenue is collected the federal government can then spend it in a variety of ways-cutting corporate or personal income taxes, refunding it as a lump-sum transfer to households, or simply increasing other federal spending.
By contrast, under a cap-and-trade system the revenue to government depends on how the initial allowances are distributed. If allowances are sold through an auction government will collect revenue from the sale of allowances. In Figure 1 , this auction revenue corresponds to the light gray rectangle in the right panel, which is equal to the marketdetermined allowance price of x times the quantity of allowances sold Q 1 .
5 Government can then dispose of this revenue just as with the tax revenue from a federal carbon tax.
However, government can also freely distribute allowances to companies, or offer them at a discounted price. This was the "grandfathering" approach largely followed by the European Union Emission Trading System (EU ETS) currently in place throughout Europe.
6 Under freely distributed permits the revenue impact is more complicated. A capand-trade system essentially forces large sectors of the economy to operate as a cartel, restricting carbon output and raising prices. As with any cartel, the cartelization of carbon emissions has the potential to create large economic rents for companies lucky enough to obtain allowances for free. For example, a company receiving free initial allowances can immediately resell them on the open trading market for a potentially large one-time profit. In this way, free allocation of allowances would create large one-time windfall profits for U.S. companies that receive allowances that are roughly equal in the aggregate to the total market value of the allowances distributed by government.
Because of the various federal, state and local corporate income taxes, governments would recapture somewhere on the order of 40 percent of these extra profits created by free initial allowances. 7 The remaining 60 percent would ultimately accrue to shareholders throughout the economy. In this way, government would receive significant revenue from cap and trade even if initial allowances are freely distributed. In effect, free distribution of initial allowances is equivalent selling initial allowance via auction and 5 If a carbon tax and cap and trade have the same emissions-reduction goal, the equilibrium price of allowances will equal the per-unit carbon tax. To see why, consider the right-hand panel of Figure 1 . At the capped quantity of 1 Q companies holding allowances can sell output at a price of 1 P but can produce it for the lower price given by the height of the supply curve at 1 Q . The vertical distance between the twolabeled x in the figure-represents the pure economic profit companies can earn by holding an allowance. Companies will therefore bid up allowance prices to x dollars, which is also equal to the carbon tax rate that would achieve a similar emissions cut. 6 See European Commission, "Questions and Answers on Emissions Trading and National Allocation Plans for 2008 to 2012." Available online at www.ec.europa.eu/environment/climat/pdf/m06_452_en.pdf. 7 The Congressional Budget Office assumes governments recapture 45 percent of economic rents from free allowances. According to the Organization for Economic Cooperation and Development (OECD), the combined U.S. top marginal corporate tax rate is closer to 40 percent, which is the figure used in this study. then distributing the auction proceeds directly back to carbon-emitting companies in the form of a one-time profit. These profits would then be divided 60-40 between shareholders and federal, state and local government treasuries.
The basic lesson from the above discussion is that lawmakers' choices about the structure of a cap-and-trade system-and the way they dispose of the revenue generated-can have enormous distributional consequences throughout the economy. While supply and demand will determine who ultimately bears the burden of cap and trade, government has the power to create large winners and losers in the economy by controlling who receives the value of allowances. In Section III of this study we explore these large distributional impacts of cap and trade on U.S. households in detail.
B. IMPACT ON THE BROADER U.S. ECONOMY
In addition to raising prices throughout the economy, cap and trade has broader impacts on household income, employment and economic growth. Economists call these the "general equilibrium" effects of carbon policy. As noted above a cap-and-trade system restricts output and raises prices for carbon-intensive products. This in turn affects the broader economy in three distinct ways: (1) it permanently increases relative prices for carbon-intensive products; (2) it lowers real earnings for workers and owners of capital; and (3) it leads to potentially large adjustment costs to workers and companies currently operating in carbon-intensive industries.
Permanent Price Impacts
In the long run, cap and trade causes prices throughout the economy to rise by an amount roughly equal to the value of outstanding carbon allowances. If the federal government issues $150 billion in allowances, prices for carbon-intensive products will rise by approximately $150 billion in the aggregate. This occurs regardless of whether initial allowances are auctioned or distributed freely. The intuition behind this effect is that cap and trade introduces artificial scarcity in the market for carbon-intensive products, which is reflected in the price of tradable allowances. Requiring companies to hold these carbon allowances permanently raises their costs of production. As firms adjust to these cost increases, the burden of holding the allowances is ultimately passed forward to consumers in the form of higher prices throughout the economy.
Reduced Returns to Labor and Capital
Because cap and trade raises prices for carbon-intensive products throughout the economy, it has a secondary effect of lowering real returns to U.S. capital and labor. In effect, the price increases caused by cap and trade allow workers to buy fewer things with the same dollar amount of wages, lowering their income in real terms. Similarly, investors are able to buy less with the same dollar amount of capital income, lowering real returns to capital. These poorer returns reduce the supply of capital and labor throughout the economy, lowering household earnings, employment and economic output. This indirect economic impact of cap and trade is known as the "tax interaction" effect of carbon policy.
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Adjustment Costs to Workers and Companies
As the economy adjusts to lower carbon emissions many workers and companies will face large adjustment costs. For example, workers in coal mining and petroleum extraction industries have highly specialized skills and earn high wages. Under cap and trade, many of these workers will face unemployment and lower wages as they move into other fields. Similarly, owners of capital in carbon-intensive industries will face temporary losses as returns are depressed. While the costs to capital owners will tend to be highly diffused throughout the economy, as most investors hold diversified portfolios of assets, the transition costs to workers will be highly concentrated in just a few industries and geographic regions throughout the country. These broader economic impacts of climate policy are explored in detail in Section IV of this study, in which we illustrate how the impact of a typical cap-and-trade system on U.S. gross domestic product will in turn affect employment, household earnings and total economic output.
III. DISTRIBUTIONAL IMPACT OF A CAP-AND-TRADE SYSTEM
Because a cap-and-trade system restricts carbon emissions and raises prices, it imposes household burdens that are equivalent to a similarly designed carbon tax. In this section we present new estimates of the distributional impact of these burdens by income group, age, U.S. region and type of family. These estimates help illustrate which Americans would bear the ultimate cost of federal policy aimed at curbing greenhouse gas emissions.
A basic lesson from the economics of taxation is that all taxes are ultimately borne by individuals rather than companies. Similarly, although cap and trade requires companies in the petroleum, coal and natural gas industries to bear the initial cost of tradable allowances, economists agree that the real economic burden is likely to be passed forward to households in the form of an invisible tax built into the price of consumer products throughout the economy.
In this study we model the impact of a cap-and-trade system designed to cut U.S. carbon emissions by 15 percent compared to 2006 levels. This is a typical emissions-reduction goal for a wide range of climate change proposals, and is the one modeled by most U.S. Congressional Budget Office studies of cap and trade. 10 The system is an "upstream" one; that is, only companies in coal mining and petroleum and natural gas extraction industries are required to hold carbon allowances.
According to U.S. Congressional Budget Office estimates, a cap-and-trade system that cuts emissions by 15 percent corresponds to an allowance price of roughly $100 per metric ton of carbon.
11 In Figure 1 this corresponds to the value labeled x in light gray in the right-hand panel which represents the increased production costs borne by companies producing carbon-intensive products. Using a standard input-output model we trace the burden of this cost increase down to the level of households. Table 1 summarizes the cap-and-trade system modeled in this study. In 2006, fossil-fuel carbon emissions in the U.S. were roughly 1.7 billion metric tons.
12 A cap-and-trade system designed to cut emissions by 15 percent would restrict annual carbon emissions to 1.45 billion tons. At an assumed allowance price of $100 per ton the total cap-and-trade burden to U.S. consumers would therefore be approximately $144.8 billion per year or $1,218 per household. This is the overall cap-and-trade burden estimate used throughout this study. In this analysis we focus primarily on the burden of cap and trade to households in the form of higher consumer prices. As noted above, cap and trade also generates government revenue that may be disposed of by lawmakers in various ways that may affect these household burdens. Because of uncertainty about how lawmakers may or may not dispose of future cap-and-trade revenue, we present only household burdens from higher consumer prices throughout the body of the study. This is the approach followed by the U.S. Congressional Budget Office when presenting the household impact of higher prices from cap and trade, and we follow that convention in this study.
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However, the distribution of government revenue from cap and trade can have a large impact on the net distribution impact of climate policy. To illustrate this impact, in Box 2 we present an example of how the results of this study would change if both the burden and spending sides of climate policy are taken into account. The box illustrates the net fiscal incidence of a cap-and-trade system under a scenario in which initial allowances are freely distributed to companies and lawmakers return the extra corporate tax revenue generated from companies' one-time profits in the form of an across-the-board revenueneutral corporate tax cut.
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BOX 2. HOW FEDERAL SPENDING AFFECTS CAP-AND-TRADE BURDENS
In this study, we focus on the initial household burden of cap and trade. However, implementing such a system would also generate government revenue that-depending on how lawmakers spend it-can have a dramatic impact on net household burdens from climate policy.
For example, if government sells initial allowances via auction with the proceeds distributed as lumpsum transfers to U.S. households a household's annual burden would be partly or totally offset by the subsequent transfer payment. The combined impact of household burdens and government spending benefits is known as the "net fiscal incidence" of climate policy.
As an illustration, the table below presents the net fiscal incidence of a cap-and-trade system with freely distributed initial allowances. As noted in Section II of this study, free initial allowances create large one-time profits for companies that receive them. Governments recapture approximately 40 percent of these profits through federal, state and local corporate taxes, and the remaining 60 percent accrue to shareholders throughout the economy. In the table below we assume government returns these higher corporate tax collections to taxpayers in the form of an across-the-board corporate income tax cut.
The table illustrates the impact of three factors on households: (1) the initial household cost of cap and trade, (2) minus the increased stock returns to shareholders, (3) minus the tax savings from a revenueneutral corporate tax cut. The first line presents the household cap-and-trade burden from Section III of this study. The second line shows the impact of higher stock returns to shareholders, and the third line shows households' tax savings from the corporate tax cut. As is clear from the table, how lawmakers choose to dispose of revenue from a cap-and-trade system can have a dramatic impact on the fiscal incidence of climate policy. In this example, households in the top quintile actually profit by $1,904 per year on a net basis from cap and trade while households in the bottom four quintiles pay a net burden ranging from $182 to $548 per year. In total, such a policy would redistribute roughly $145 billion from the lowest-earning 80 percent of U.S. households to the nation's highest-earning one-fifth.
NET FISCAL INCIDENCE OF A CAP AND TRADE SYSTEM WITH FREE INITIAL ALLOWANCES AND A REVENUE-NEUTRAL CORPORATE TAX CUT
As is clear from this illustration, implementing a U.S. cap-and-trade system would transfer enormous power to federal lawmakers who choose how to dispose of the revenue generated from the system. In turn, these choices will have a dramatic impact on which Americans bear the ultimate cost of policy aimed at reducing U.S. greenhouse gas emissions.
A. BURDENS BY INCOME GROUP
A well-known aspect of climate policy is that costs are regressively distributed across households. That is, lower-income households tend to spend a larger fraction of their income on carbon-intensive products like fuel and electricity than higher-income households. As a result, cap and trade tends to impose the heaviest relative burdens on households least able to bear them. This study confirms that finding. Table 2 presents the basic distribution of cap-and-trade burdens by income quintile. The quintiles contain equal numbers of households and all figures are for calendar year 2006, the most recent year for which data are available. 15 As is clear from the table, higherincome groups bear the largest dollar burden from cap and trade while lower-income groups bear the largest burden as a percentage of income.
Households in the highest-earning quintile-those earning over $88,774 in cash income-bear an annual cap-and-trade burden of $2,091 per year or 1.4 percent of income. Households in the middle quintile earning between $35,095 and $56,222 pay an annual burden of $1,100 or 2.4 percent of income. And households in the lowest-earning quintile-those earning less than $18,370 per year-pay $612 per year or a substantial 6.2 percent of income. Figures 2 and 3 present the figures from Table 2 graphically. Figure 2 illustrates the annual household dollar burden from cap and trade by income quintile, and Figure 3 presents annual burdens as a percentage of household cash income. As expected, as income and therefore consumption rises households bear a larger dollar burden from a cap-and-trade system. However, as a fraction of income the lowest-earning households in the nation bear the heaviest price for policy aimed at reducing greenhouse gas emissions. 
Dollar Income Groups
One drawback of the quintile presentations in Figures 2 and 3 is that they mask considerable variation in cap-and-trade burdens between households within the same income quintile. In Figures 4 and 5 we present a more detailed view of cap-and-trade burdens by dividing U.S. households into twelve groups based on household cash income.
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16 Due to significant under-reporting of income among low-income households, we do not present results for households reporting cash incomes of less than $5,000 per year.
As is clear from Figures 4 and 5, there are large differences in burdens within quintiles. For example, annual burdens in the top quintile range from $1,825 for those earning between $100,000 and $120,000 per year to more than $2,700 for those earning $150,000 per year or more. Figure 5 further emphasizes the regressive nature of cap and trade which consumes 6.4 percent of income for households earning between $5,000 and $10,000 per year compared to just 1.1 percent for those earning over $150,000 per year. 
B. BURDENS BY AGE GROUP
An often-overlooked aspect of climate policy is how cap-and-trade burdens would be borne by different age groups. Consumption patterns vary widely as households move from youth through working years and ultimately into retirement. These shifting consumption patterns in turn influence the degree to which households purchase carbonintensive products which determines their household burden from climate policy.
Household income and consumption generally follow a mound-shaped distribution across the life cycle. Income and consumption begin at relatively low levels, rising throughout the working years until reaching a peak just before retirement. In old age, income and consumption tend to return to lower levels as households retire from the labor market. Because households on average save some portion of their income, as income expands consumption for most items tends to grow more slowly. The result is that consumption as a percentage of household income tends to be highest in youth and old age, and lowest in the prime earning years of 45-64. 17 These demographic patterns are clear in Table 3 , which presents the basic distribution of cap-and-trade burdens by age group. In general, the lowest dollar burdens from cap and trade are borne by the youngest and oldest households in the nation while the highest dollar burdens are borne by middle-aged households in their prime earning years. Households under 25 years bear an annual burden of $696 which rises to $1,430 per year for households between 45 and 54 years and then declines to $830 per year for retired households aged 75 and older. Source: Tax Foundation Input-Output Model.
As a percentage of income, cap-and-trade burdens by age group reflect the underlying regressive nature of climate policy. When incomes are lowest in youth and old age cap and trade imposes the heaviest relative burden on households. Households over age 75 bear the heaviest burden at 2.8 percent of income followed by households aged 65-75 at 2.5 percent and the youngest households under age 25 at 2.4 percent.
By contrast, cap-and-trade burdens comprise just 1.8 percent of income for higherearning households aged 35-44 and 1.9 percent of income for the highest-earning households between 45 and 54 years. In terms of aggregate burden, working-age households aged 35 to 54 bear an annual burden for cap and trade of roughly $69 billion per year-47 percent of the total U.S. burden.
Figures 6 and 7 present the figures from Table 3 graphically. Figure 6 shows the annual dollar amount of cap-and-trade burden by age group and Figure 7 To the extent that consumption of carbon-intensive products varies among U.S. regions household cap and trade burdens will vary as well. For example, households in the South spend on average 4.2 percent of household income on carbon-intensive gasoline and motor oil compared to 3 percent for households in the Northeast. Similarly, southern households spend on average 2.8 percent of income on electricity-another carbon-heavy expenditure-compared to 1.6 percent for households in the west. These differences in purchasing patterns help drive geographic differences in cap-and-trade burdens. Table 4 presents the basic distribution of cap-and-trade burdens by U.S. region. 18 Overall, the results are more tightly clustered around the national average than burdens by income or age group. This clustering is largely the result having organized the nation's roughly 120 million households into just four regional categories. However, important regional differences are still apparent even from this highly aggregated view. 
D. BURDENS BY TYPE OF FAMILY
Household income and consumption in the United States tend to be correlated with other household characteristics such as marital status and the presence of children. As a result, the regressive impact of cap and trade has the unanticipated side effect of imposing a disproportionate annual burden on some types of U.S. families over others.
On average, the nation's highest earning households are married couples with children aged 18 years or older. The average age for these head-of-households is 52 years, placing them squarely in what are typically the peak earning years for most families. In 2006 these households earned an average of roughly $94,000 per year-55 percent higher than the U.S. national average.
By contrast, the nation's lowest-earning households are single parents with at least one child aged 18 years or less. The average age for these head-of-households is just 38, a full decade younger than the U.S. national average. These households earned an average household cash income of $34,850 in 2006, just 58 percent of the nation's average.
These patterns in household income are apparent in Table 5 , which presents estimates of annual household cap-and-trade burdens for various types of U.S. families. Overall, there are significant differences in cap-and-trade burdens by family type, a finding that largely mirrors existing differences in household income and the consumption of carbonintensive products. The largest dollar burden from cap and trade is borne by the nation's highest earning and highest consuming household type: married couples with at least one child aged 18 or older. These households bear an annual burden of $1,785 per year. The smallest dollar burdens are borne by single households with no children at $873 per year followed by single parents with at least one child under age 18 at $950.
In terms of burden as a percentage of income, single parents with young children bear the heaviest burden from climate policy at 2.7 percent of income. By contrast, married couples with children under age 6 bear the lightest relative burden at just 1.8 percent of household cash income.
In Figures 10 and 11 we present the figures from Table 5 graphically. These images further underscore a theme that runs throughout the findings of this study: the burden of a U.S. cap-and-trade system would represent a significant annual cost to most household budgets, and the burdens would tend to fall most heavily on American families with relatively low cash incomes who are least able to bear it. 
FIGURE 11. ANNUAL CAP-AND-TRADE BURDEN AS A PERCENTAGE OF HOUSEHOLD INCOME BY TYPE OF FAMILY
E. COMPARING CAP-AND-TRADE BURDENS TO OTHER HOUSEHOLD TAX BURDENS
The previous sections present household cap-and-trade burdens by income, age, region and family type. In this section we place those burdens in a broader context by comparing them to the annual cost of other federal, state and local taxes borne by U.S. households. For households in the lowest-earning quintile, the $617 cap-and-trade burden represents a significant annual cost. Among federal taxes, cap-and-trade burdens would exceed every tax for these households except the federal payroll tax, which costs an average of $656 per year. In essence, the household burden from cap-and-trade would be equivalent to a 94 percent increase in the federal payroll tax paid by these households. Similarly, capand-trade burdens are equivalent to an 82 percent increase in state-local sales taxes, a 70 percent increase in property taxes, or a four-fold increase in the combined federal and state-local gas tax paid by these households.
For households with middle-and upper-incomes cap-and-trade burdens are less dramatic but still represent a significant annual cost. For households in the middle 20 percent of earners the $1,100 annual cost of cap and trade is approximately equal to the average amount of state and local personal income taxes paid per year of $1,071. Cap-and-trade burdens for the middle quintile are comparable to a 46 percent increase in state and local property taxes, a 39 percent increase in federal personal income taxes, or a roughly doubling of the combined federal and state-local gas tax paid by these households.
For households in the highest-earning quintile, the $2,091 annual cap-and-trade burden appears modest in comparison to the existing large federal, state and local tax burdens currently paid by these households. Cap-and-trade burdens for this group are equivalent to an 8 percent increase in federal personal income taxes, a 29 percent increase in state and local property taxes, or a 43 percent increase in state and local sales taxes borne by these households. One interesting finding is that the annual cap-and-trade burden to the nation's highest-earning households would exceed the $1,423 average burden of the highly controversial state and federal estate taxes by more than $600 per year.
F. IMPACT ON CONSUMER PRICES
The basic mechanism by which the economic costs of climate policy are transferred from carbon-emitting firms to carbon-consuming households is through higher consumer prices. In general, carbon-intensive products that rely heavily on coal, petroleum and natural gas as productive inputs will face the largest price increases. However, a key finding from previous studies is that because nearly all industries make some use of fossil fuels cap-and-trade burdens tend to be highly diffused throughout prices across the economy with nearly every product facing some degree of price increase. Table 7 presents the basic commodity-level price impacts from a typical cap-and-trade system with a $100 per ton allowance price. As expected, the largest price increases are for fossil-fuel products. Petroleum and coal products rise 18.2 percent; natural gas rises 17.6 percent; electric power rises 15.1 percent; and coal mining rises 14.7 percent. However, a wide range of chemicals, metals, services and household products also face significant price increases. This diffused nature of cap-and-trade burdens largely masks the overall cost of climate policy to consumers. Unlike a federal carbon tax, cap and trade does not produce official tax revenue figures that can be easily monitored by the publiclikely the source of cap-and-trade's persistent political appeal to U.S. lawmakers. 
IV. ECONOMIC IMPACT OF A CAP-AND-TRADE SYSTEM
Because cap and trade raises prices for consumer products it has the effect of lowering real returns to labor and capital throughout the economy. This in turn reduces the supply of these productive inputs, lowering overall U.S. economic output. In this section we make use of RIMS II multipliers from the U.S. Bureau of Economic Analysis to explore the likely impact of this "tax interaction" effect on jobs, household earnings and total output for the U.S. economy.
A. IMPACT ON EMPLOYMENT, HOUSEHOLD EARNINGS AND ECONOMIC OUTPUT
Previous studies from the U.S. Congressional Budget Office and others have estimated the impact of various cap-and-trade proposals on U.S. gross domestic product. Table 8 presents two typical estimates. Both estimates assume initial cap-and-trade allowances are distributed by auction. In the first scenario, auction revenue is returned to taxpayers in the form of a revenue-neutral corporate or payroll tax cut. In the second scenario auction proceeds are returned directly to households in the form of an equal lump-sum government transfer payment. Source: U.S. Congressional Budget Office based on Dinan and Rogers (2002) .
According to CBO estimates, cap and trade with auctioned allowances and a corporate or payroll tax cut will reduce annual GDP by $18.8 billion in 2008 dollars or 0.13 percent from the current baseline in the long run. By contrast, a system with auctioned allowances and a lump-sum transfer payment to households will cut annual GDP by $49.1 billion or 0.34 percent in the long run. These estimates represent the range of likely impacts from cap and trade on the broader U.S. economy.
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Using input-output analysis it is possible to illustrate how these initial changes in GDP from cap and trade will likely affect output, employment and earnings in the overall economy. Input-output analysis relies on an accounting framework that divides the U.S. economy into distinct industries. Each industry buys inputs from itself and other industries, combines them with value added, and sells the resulting products as intermediate inputs to other industries or as final demand to consumers, governments and the rest of the world. These economic linkages are typically summarized in an inputoutput or "Leontief" table after the 1973 Nobel Laureate economist Wassily Leontief.
One of the most common uses of input-output analysis is to estimate the regional "multiplier effect" from a policy change that affects GDP. For example, the impact of closing a $100 million per year military base is larger than $100 million dollars for the affected region. The reason is that military bases purchase large amounts of food, fuel and other supplies from companies in the area. Closing the base cuts jobs, earnings and output in these supplying industries as well. The total economic impact of the policy therefore should include the direct impact of the base closing as well as the indirect or "induced" impact felt by other local industries.
The most widely used regional input-output multipliers are from the U.S. Bureau of Economic Analysis' "Regional Impact Modeling System" (RIMS II). 22 RIMS II multipliers are derived from the official U.S. national input-out tables, and allow users to estimate the order-of-magnitude impacts of any initial change in household earnings, employment or final demand on the broader economy. Table 9 provides estimates of the economic impact of a typical cap-and-trade system on jobs, household earnings and total U.S. output. The figures are based on the CBO's second cap-and-trade scenario from Table 8 , which corresponds to a 0.34 percent initial reduction in GDP. As a result, these figures represent upper-bound estimates of cap-andtrade's likely economic impact.
As the price increases from cap and trade lower returns to labor and capital, discouraging their supply in various industries, those industries suffer initial reductions in output. This initial decline in output in turn leads to declining revenue in complementary industries, job losses, reductions in household earnings, and ultimately to lower overall economic output for the economy.
Overall, a cap-and-trade system that reduces annual GDP by 0.34 percent per year can be expected to reduce U.S. employment by roughly 964,900 jobs per year, reduce household earnings by $37.8 billion, and reduce total U.S. economic output by $136.1 billion. Because overall usage of labor and capital inputs by industries is highly correlated with industry output, these estimates assume initial GDP reductions from cap-and-trade's "tax interaction" effect are distributed across industries on the basis of GDP by industry.
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B. IMPACT ON EQUITY PRICES
As noted in Section II of this study, cap and trade imposes potentially large transition costs on owners of capital in carbon-heavy fossil fuel industries as the quantity of their products demanded falls in response to price increases. Another way of viewing the impact of cap and trade is by exploring the likely impact on stock prices for these carbonintensive U.S. industries.
The impact of cap-and-trade on stock prices is an important policy consideration for two reasons. First, because investors typically hold diversified portfolios of assets through mutual funds and other investment vehicles deterioration in equity prices for carbonintensive industries could affect retirement savings and household wealth a large number of U.S. households, labor unions, and private sector retirement funds. Second, to the extent that equity losses are concentrated in particular industries the impact on stock prices is a measure of the economic incentive these industries have to oppose climate policy through lobbying and the broader political process. Overall, a U.S. cap-and-trade system could reduce equity prices by 54.6 percent for coal mining companies, 20 percent for oil and natural gas extraction companies, and 4.2 percent for electric utilities. In terms of reduced after-tax profits, cap-and-trade could result in a 40 percent reduction in profits for coal mining companies, a 9.1 percent reduction for petroleum refiners, and a 6.2 percent reduction for the nation's electric utilities. For U.S. shareholders, these stock-price declines represent a significant indirect cost of implementing a national cap-and-trade system.
V. METHODOLOGY AND DATA SOURCES
The distributional and economic impact results in this study are based on standard inputoutput models using the latest available data from the U.S. Bureau of Economic Analysis. This section explains the methodology and data sources used.
1 D = Quantity of industry one's output sold as final demand to consumers, government and the rest of the world. Table ( 3) can be manipulated into a Leontief input-output model as follows. Reading down the first column of the table, the sum of inputs purchased by column industry one plus their value added is equal to total output for that industry. Put differently, We can now substitute ij a into equation (4) and rewrite it as follows:
By dividing both sides of equation (7) by the quantity of column industry one's total output 1 x , we can convert this relationship into one between the price of industry one's output-which is equal to the value of total output divided by the quantity of output-and its various inputs and value added. That is, In equation (9), the n x n matrix of a's on the right-hand side is simply the transpose of the A matrix defined above. Label this A'. Also, by labeling the n x 1 price vector of ( x Y )'s as P, and the n x 1 value-added vector of ( x V )'s as V, we can rewrite equation (9) more simply as:
Solving for the price vector P, we get:
Equation (11) is the basic input-output model of the economy relating the price of industry economic output to the input coefficients and value added. This is a variant of the standard "Leontief" model named after economist Wassily Leontief.
The price vector P in equation (11) represents prices throughout the economy before cap and trade. Next we develop an alternative model that includes the impact of cap and trade. Comparing the price vectors in the two models provides the estimate of the impact of cap and trade on prices.
In modeling cap and trade, we follow the standard assumption that industry burdens are forward-shifted in the form of higher prices. 25 As with a federal carbon tax, cap-and-trade burdens are passed from carbon-emitting industries to the industries that purchase intermediate inputs from them. In turn, these burdens are ultimately passed forward to households in the form of higher prices for final products throughout the economy.
Let j t represent the total dollar value of carbon allowances that must be held by industry j as a percentage of that industry's total intermediate output. That is, if industry one's carbon emissions are 1,000 tons per year, allowance prices are $100 per ton and intermediate output for industry one is $500,000, 1 t will equal ($100,000)/($500,000) = 0.20. This represents the cap-and-trade "tax" that will be passed forward from industry one to other industries and consumers.
Since cap-and-trade burdens are forward shifted, the impact is equivalent to multiplying the intermediate inputs portion of equation (7) Fullerton (1995) and Metcalf (1999) refer to this as the "Armington" assumption after Armington (1969) . Specifically, it assumes U.S. products are sufficiently different from foreign substitutes to allow the demand curve for domestic products to be downward-sloping. Combined with the assumption that the longrun supply of carbon-intensive products is perfectly elastic, the result is full forward-shifting of cap-andtrade burdens; that is, ) ( Using the simplified notation from equation (10), we can rewrite equation (12) more generally for the impact of cap and trade for all n industries as the following:
(14)
Solving for the price vector under cap and trade P , we get: One complication is that is the price vectors in (11) and (15) are for industry-level prices. That is, they assume each of the n industries in the economy produces only one type of commodity. In reality industries may produce a variety of commodities making it necessary to convert industry-level price impacts into commodity-level price impacts.
This can be accomplished through the use of a price-transformation matrix as follows. Let Z be an n x m matrix of n industries (corresponding to rows) and m commodities (corresponding to columns). Let each entry represent the fraction of column commodity i that is produced by row industry j, with each column summing to one. Commodity-level price impacts are then given by, Once the P vector of commodity-level price impacts is estimated, the percentage price changes are weighted by each commodity's total output from the Make 
B. ECONOMIC IMPACT ANALYSIS
The economic impact estimates presented in Section IV are based on 2006 RIMS II multipliers from the U.S. Bureau of Economic Analysis. The multipliers are "Type II" multipliers that account for the impact of both industry and household purchases. Once the CBO estimate of a 0.34 percent reduction in GDP is distributed to industries these initial changes in GDP by industry are multiplied by the final-demand multipliers for employment, household earnings, and total economic output for each industry.
